Dead, standing trees, commonly referred to as stags in Australia and as snags in North America, are a regular feature of forests and woodlands. Although previously regarded as useless, often meriting removal, stags are now recognized as important for wildlife. We quantified the abundance of arthropods that visited or used the trunks of stags in Kings Park, an inner-city woodland park in Perth, Western Australia. Stags ranging from around 4 to 11 years since death were compared with live trees of the same species; Jarrah Eucalyptus marginata, Tuart E. gomphocephala, and Fraser's Sheoak Allocasuarina fraseriana. At the ordinal level, stags were visited or used by almost as many taxa of arthropods as live trees. One group, the beetles (Coleoptera), when considered at the morphospecies level, was found to be only slightly less diverse on Eucalyptus stags than on live trees and was more diverse on sheoak stags than live sheoaks. A large proportion of the beetle species was specific to either live trees or stags, suggesting that the existence of stags enriches the diversity of arthropods in forests and woodlands. In addition to contributing to arthropod diversity and conservation, these organisms provide a food source for insectivorous vertebrates, as well as contributing to core ecosystem functions, such as nutrient cycling. Retention of stags therefore has important conservation benefits and, other than when there is a risk to public safety, stags should be protected and allowed to fall naturally in the course of time.
INTRODUCTION
FORESTS and woodlands are heterogeneous ecosystems, which are rich in species from a wide array of taxa, ranging from birds and trees to insects and microbes (Recher et al. 1996a; Torsvik et al. 1990) . With their variation in size, structure, and spatial distribution, trees play a central role in forest ecosystems (Lahde et al. 1999) . Although live trees dominate forest ecosystems, standing dead trees, "stags" or "snags" 2 , can represent 5-10% of the trees in a forest (Hunter 1990 ). The importance of stags for cavity-nesting birds and other hollowdependent fauna in North America (Thomas 1979; Raphael and White 1984; Walter and Maquire 2005; Saab et al. 2009 ) is well established, but it is only relatively recently that "dead wood", standing or fallen, has been recognized as important for wildlife in Australian forests (Recher 1991 (Recher , 2004a Laven and Mac Nally 1998; Grove and Stork 1999; McComb and Lindenmayer 1999; Gibbons and Lindenmayer 2002) .
There is now good evidence that retention of stags and other coarse woody debris is important for the conservation of forest biodiversity (Samuelsson et al. 1994; Lindenmayer and Franklin 2002) . Kaila et al. (1997) , for example, noted that the structure of stags, their chemical composition and their associated microclimate, may differ from live trees and, consequently, the assemblages of saproxylic beetles (Coleoptera) may differ from those associated with live trees. Sandoval et al. (2007) also reported unique assemblages of beetles associated with artificially created stags.
Kings Park, near Perth's Central Business District (CBD), in Western Australia, supports one of the largest areas in the world of reasonably natural bushland located within the centre of a capital city (Anon. 1957; Beard 1967; Crosti et al. 2007) . The park was affected by extensive wildfires in 1989, 1996, and 2010 , with many trees killed (Recher 2004b; pers. obs.) . The areas burnt comprised Jarrah Eucalyptus marginata, Tuart E. gomphocephala, Marri Corymbia calophylla, Fraser's Sheoak Allocasuarina fraseriana, and banksia Banksia spp. woodland. Although stags near footpaths have been removed, large numbers of stags of all species remain and are an important structural feature of the park. We examined the arthropod assemblages on trunks of live and dead Jarrah, Tuart, and Fraser's Sheoak, to assess their contribution to arthropod biodiversity in Kings Park. Additionally, because lizards and birds forage on trunk-associated arthropods, the arthropods associated with stags may be relevant to the conservation of components of the vertebrate fauna of the park. In this paper, we report on the arthropods associated with stags in Kings Park and comment on the importance of stag retention for the conservation of biodiversity in urban landscapes.
All sampled areas were woodland of Marri, Jarrah, Tuart, Fraser's Sheoak, and various species of Banksia. Descriptions and species composition of the woodlands in Kings Park are given in (Anon. 1957; Beard 1967; Crosti et al. 2007 , Recher 2004a . The species sampled have thick bark; Jarrah bark is stringy, Tuart is rough and tessellated, while that of sheoak is corky (Figure 1 ). Ten live trees and ten stags of each species were selected, equally distributed between the 1989 and 1996 burnt areas. Judging by their appearance and the distribution of blackening on the trunks, half of the stags had been dead for up to 11 years and half for up to 4 years. All stags retained all or some of their bark at the time of sampling. The height of each tree and its trunk diameter at breast height (dbh; 1.5 m) were measured.
Arthropods were sampled using a modified arboreal bark trap (Moeed and Meads 1983) and a perspex intercept trap. Details of traps may be found in Majer et al. (2002) . The traps were attached to the northern side of trunks at breast height on trees that were at least 20 cm dbh (range 20-72 cm). Traps were only placed on stags with extensive areas of bark. Where the bark was unsuitable for attaching traps as a result of damage or surface irregularities, the traps were placed on the first suitable surface of the trunk moving in an easterly direction around the tree.
Bark traps were nailed to the bark and designed to sample arthropods that were moving, or living, on the trunk. A pair of 40 mm high, 90 cm long drift fences, with an opening of 90 cm, was used to channel arthropods moving vertically up the bark into the trap's entrance. Fences were nailed into grooves cut into the bark and sealant was used to fill in gaps along the drift fences. Arthropods caught in the trunk traps were preserved in a 50% ethylene glycol solution until they were scored.
Intercept traps were designed to catch arthropods attempting to land on the bark and were placed to the left and slightly above the bark traps. A flat piece of perspex 130 × 300 mm was nailed to the trunk, with a collecting tray clipped onto the bottom using alligator clips and supported underneath by a large nail. The collecting container, which contained ethylene glycol, had small perforations half-way up the sides to allow overflow if it rained.
Arthropod sampling took place in summer (December 1999) and winter (June 2000) . Traps remained active for two weeks before being cleared, at which time samples were transferred to 70% ethanol for sorting. Arthropods were sorted and counted to the level of order. They were also categorized into the length size classes: 1 -<0.5 mm; 2 -0.51-1.00 mm; 3 -1.01-2.0 mm; 4 -2.01-3.0 mm; 5 -3.01-4.0 mm; 6 -4.01-5.0 mm long; 7 -5.01-10.0 mm, and 8 ->10.01 mm. In view of their high diversity and importance on tree trunks, beetles were sorted and counted at the morphospecies level. The beetle data were not scored for individual trees, as the samples were bulked for each season by tree species and whether they were live or dead, before sending to a taxonomist.
Arthropod data were summarized in tabular form by order and size classes using the Excelâ package. Tables were then produced that showed means for arthropod taxa, total arthropods, total arthropods excluding ants, and numbers within each size class for each tree species, either live or dead. Arthropod groups that were represented in fewer than three tree samples were excluded from the analysis.
Data for each taxon, for total arthropods, for total arthropods excluding ants, and for total arthropods in each size class on live and dead trees were square-root transformed to ensure normality of the data. The effects on numbers of arthropods of tree species, season, and life status of trees were then analysed by analysis of variance. A parametric correlation test was used to determine whether there were correlations between numbers of each arthropod taxon, total arthropods, and total arthropods excluding ants with either tree diameter or height.
The beetle morphospecies lists were reduced to presence/absence occurrences and tabulated by tree species and life status. Data for the two sampling methods were combined to increase sample sizes for analysis. Non-predatory beetles were classified as canopy-associates or trunkassociates, using the CSIRO (1990) The Insects of Australia; this was achieved by noting the feeding habits of each family and assigning them to category on the basis of the probable location of their food resource (e.g., a leaf feeding chrysomelid would be termed a canopy associate on the basis of its known habits and a wood boring anobiid would be termed a trunk associate). Predators or parasitoids could feed on canopy-associated or trunk-associated invertebrates, or both and were assigned to a separate category. 
RESULTS

Live
Trends for orders
Numbers of each arthropod taxon, total arthropods, and total arthropods excluding ants captured from intercept and bark traps are shown for summer and winter in Tables 1 and  2 , respectively, in which they are compared by one-way analysis of variance. At an ordinal level eleven taxa were recorded during summer from live and dead individuals of each tree species from the two trapping methods (Table 1) : Acarina (mites); Araneae (spiders); Collembola (springtails); Blattodea (cockroaches); Homoptera (sucking bugs); Heteroptera (sucking bugs); Thysanoptera (thrips); Coleoptera; Diptera (flies); Lepidoptera (moths); and, Hymenoptera (ants, bees, and wasps). The same taxa were also found during winter, together with five additional taxa: Scorpionida (scorpions); Isopoda (slaters); Diplopoda (millipedes); Isoptera (termites); and, Neuroptera (lacewings) ( Table 2) , resulting in a total of 16 taxa. Numbers of arthropods were generally higher in summer than winter, with total arthropods being higher in summer in Tuart (p=0.01) and sheoak (p<0.001) intercept traps and in Tuart (p=0.02) bark traps.
Analyses indicated that there were no differences in total arthropod numbers on live trees of the three species during summer, in either type of trap. The trends were equivocal during winter, with Jarrah producing significantly more intercept-trapped arthropods than sheoak (p<0.01), but not Tuart. Sheoak had significantly more arthropods in bark traps than Tuart (p=0.05), but not Jarrah. There were no significant differences within individual taxa indicating that all three tree species support similar numbers of arthropods on their trunks. There was evidence of more arthropods on larger trees than smaller ones, with positive correlations (p<0.05) between tree height (on 2 out of 3 tree species in summer for intercept traps; 1/3 in summer, and 2/3 in winter for bark traps) or trunk diameter (1/3 in summer and 1/ 3 in winter for intercept traps; 1/3 in summer and 3/3 in winter for bark traps). There was only one negative correlation, which was for total arthropods on tall Jarrah trees.
The numbers of arthropods trapped in summer on stags were less than on live trees although, during summer, this difference was only significant in Jarrah bark trap samples (p<0.01) (Table 1); percentage differences for Jarrah, Tuart, and sheoak respectively were -30.7%, -14.0% and -26.4% in intercept traps and -63.7%, 0% and -16.1% in bark traps. These trends were reflected by significant reductions in some orders (e.g., Blattodea, Coleoptera, and Hymenoptera (wasps)), with the number of significant reductions being greater on Jarrah than on Tuart and sheoak (see Table  1 for significance values). These trends were also evident when arthropods were analysed by size class, with reductions more pronounced in the middle to larger size classes (Table 3) .
Unlike in summer, numbers of arthropods in winter were not always less on stags than live trees. Comparing winter to summer, the percentage differences on Jarrah, Tuart, and sheoak were, respectively, -13.7%, -9.6% and +22.6% in intercept traps and -8.6%, +55.9% and -43.7% in bark traps. Thus, in winter, there were cases of stags supporting elevated numbers of arthropods compared to numbers on live trees. Fewer significant trends than in summer were observed in the size class data, although those trends which were significant were in the middle to larger size classes (Table 4) .
Trends for beetle morphospecies
Two hundred and twenty-seven morphospecies of beetles were trapped and these are listed in Appendix 1. Of these, 124 species (55% of total) were represented by a single individual and 30 species (13%) by two individuals.
As with the ordinal totals, more species were captured in summer (195) than in winter (73). Table 5 summarizes the totals for each tree species and tree condition. Live Jarrah and Tuart trees had similar numbers of species (89 and 85, respectively), but fewer (65) were found on live sheoak trunks. Similar trends were exhibited when live and dead trees of the same species were combined (127, 122 and 118 species, respectively for Jarrah, Tuart, and sheoak), although the difference between sheoak and the eucalypts was not as great. Jarrah and Tuart showed reduced richness on stags (75.3 and 81.2% as many species as on live trees), but sheoak stags were 12.3% richer in beetle species on stags than live trees. Seventy-eight species (34.4% of total) were confined to live trees, 67 (29.5%) were confined to stags, and 83 (36.1%) were common to both.
The numbers of beetle species that were either canopy-associated, trunk-associated or predators on stags and live trees of each species are shown in Figure 2 . The totals do not exactly match those mentioned above because of the difficulty in classifying the habits of certain species. However, the pattern on the three tree species was consistent. Also, the proportion of beetle species in each category is similar for the live individuals of the three tree species combined (mean percentage: 20.6% were canopy associated, 53.3% trunk, and 26.1% predators). This apportionment of species did not change appreciably on the stags (21.4%, 55.3%, and 364 PACIFIC CONSERVATION BIOLOGY Table 1 . Mean numbers of invertebrates within each taxon, total invertebrates and total invertebrates excluding ants on live versus stag (n=10) trees of each of the three tree species sampled during summer 1999 using ( Karragullen in the Darling Ranges using the same sampling protocols in that mean arthropod levels per trap per sampling period on trunks of Jarrah, the tree species in common between the two studies, fall within similar ranges. Jarrah bark traps had 42-232 and 13-276 individuals per trap at Kings Park and Karragullen, respectively, while intercept traps had 100-286 and 108-367 individuals per trap (Majer et al., 2003, this study) . Previous studies indicated that bark arthropod faunas are seasonal, with numbers of individuals and taxa greater during the moister winter and spring than other seasons (Majer et al., 2003) , as was also found for canopy arthropods (Recher et al. 1996b) . In contrast, we found greater numbers on tree trunks during summer in Kings Park. Karragullen trees were sampled between October 1998 and October 1999, while the work reported here was conducted in 1999-2000. It is possible that edaphic factors or differences in rainfall between years account for these differing seasonal trends. For instance, unlike the Karragullen study, the winter sampling in Kings Park occurred during a period of late onset of rains, possibly resulting in less time for the build-up of saproxylic and other arthropods on the trunks (data from Australian Bureau of Meteorology; Perth airport). This might also explain the winter spike in Collembola numbers observed during the earlier study, but not seen in our data.
The fact that few significant differences in arthropod levels were detected between the three tree species is not surprising, since all three species have thick, rough bark. Similarly, Majer et al. (2003 Majer et al. ( , 2006 detected few differences on the Darling Ranges between live Jarrah and Marri, both of which have rough bark, with numerous crevices and irregularities.
Whether the tree was dead or alive was important in Kings Park, but the magnitude of the trend differed with season and the effect was equivocal across tree species. Reductions in total arthropods in intercept traps on stags compared to live trees ranged from 14.0-30.7% in summer and 9.6-13.7% in winter; results for Tuart were anomalous, levels being 55.9% more abundant on stags than on live trees. The reductions on bark traps ranged from 0-63.7% in summer and 8.6-43.7% in winter. However, in this case sheoak exhibited an anomalous response, with a 22.6% increase on stags compared to on live trees. We cannot explain these anomalies, but as long as the bark is retained, stags sustain moderate, and sometime elevated, levels of arthropods when compared with live trees.
The data for beetles, when analysed at morphospecies level produced similar trends to those at the ordinal level. It suggests that there is a reasonably constant mix of canopy associates, which may use tree trunks as "highways" between the ground and canopy (Proctor et al. 2002) , and species which depend on the trunk for sustenance or habitat. It is clear, however, that stags provide opportunities for different species of beetles than live trees. The large number of species (68% of total) represented by one or two individuals, a feature typical of most invertebrate surveys (Lim et al. 2011) , may distort the pattern of beetle species richness between tree species and between stags and live trees. However, if even a proportion of the species that were only found on stags are genuinely associated, this demonstrates the importance of stags as refuges for components of the invertebrate fauna.
The lower numbers of species on sheoak than on the other two species may be related to the smaller size of these trees. However, we cannot explain the number of species being higher on stags than on live sheoak trees. It is possible that dead sheoaks provide a more suitable physical or chemical habitat for beetles than do live trees. Kaila et al. (1997) noted that the structure of stags, their chemical composition and their associated microclimate, may differ from live trees and, consequently, the assemblages of saproxylic beetles on the two categories of tree may differ. It is possible that dead sheoaks change in a way that is more favourable to saproxylic beetles than do Jarrah or Tuart.
Dead wood, either as woody debris, stags, or on live trees, is important for many vertebrates in Kings Park as places to forage, shelter, or for nesting. Of the 61 species of birds recorded by Recher (2004a) in Kings Park, the Black-capped Sittella Daphoenositta chrysoptera forages primarily on dead wood (Recher unpubl. data) and nests preferentially on a vertical dead branch (Recher 2004b) . The Western Thornbill Acanthiza inornata, now extinct in the park, was also a dead wood forager in Kings Park (H. Recher unpubl. data). Tree hollows are used by Tree Martin Hirundo nigricans, a species that has declined in Kings Park since 1986 (Recher 2004b) , possibly due to a loss of suitable hollows for nesting. Several species of bats that occur in the Metropolitan Region roost regularly in the hollows or under the bark of dead trees. Among reptiles in Kings Park, the Marbled Gecko Phyllodactylus marmoratus is found under loose bark on dead sheoaks and banksias; the Wall Skink Cryptoblepharus plagiocephalus frequents stags where it shelters in crevices at night and feeds on the insects on the trunk and branches during the day (R. How and J. Dell, personal communication). For these vertebrates, stags and dead wood are important parts of the woodland landscape.
Stags, other dead wood, and woody debris not only contribute to the diversity of arthropods in Kings Park, but provide food and shelter for several vertebrates, contributing to one of the objectives of the Kings Park Management plan -conservation of biodiversity (Botanic Garden and Parks Authority 2008) . Ultimately, stags fall and become part of the layer of coarse woody debris on the ground. As logs, it is likely they attract and sustain a new suite of saproxylic invertebrates (Kaila et al., 1997) and, as the wood decomposes, contribute to nutrient cycling back to the soil (Lofroth 1998) .
APPENDIX 1
Beetle morphospecies sampled on trunks of live and dead Jarrah, Tuart and Fraser's Sheoak in Kings Park. W = putative trunk associates, C = putative canopy associates, P = predators or parasitoids. 
